identify genome synteny alignments by SyMap V4.2 (Soderlund et al., 2006) . The 1 4 0 homolog relationships between maize CCT genes and rice genes were integrated by 1 4 1 using synteny blocks information and grass synteny orthologs provided by a previous 1 4 2 study (Schnable et al., 2012) .
Maize QTL were obtained from Li's study (Li et al., 2016) The full-length ZmCOL3 coding sequence (T01; 1,008bp) was amplified from vector that carried GFP. The nuclear localized gene HY5 in Arabidopsis 1 5 0 (Chattopadhyay et al., 1998) was inserted into pCAMBIA1301 vector that carried 1 5 1 RFP and was used as a nuclear marker. Both constructs were introduced into maize 1 5 2 protoplasts as described (Yoo et al., 2007) . The GFP and RFP signals were detected 1 5 3 using FV1200 Laser Scanning Microscope (OLYMPUS CORPORATION). The 1,114bp DNA fragment of ZmCOL3 from ATG to TGA (refer to B73) was 1 7 2 and grown to maturity in greenhouse conditions. The following detailed breeding 1 7 3
information can be seen in Fig. S1 . Transgenic plants were identified by herbicide test, thickness). The measurements of about 100 kernel weight and volume were repeated 1 9 0 three times and the average value was obtained. Re-sequencing of ZmCOL3 The primers ( InDels. Association mapping analysis was performed with Tassel3.0 software 1 9 7 (Bradbury et al., 2007) and the levels of LD between pairs of sites were calculated 1 9 8
using Haploview (Barrett et al., 2005) . promoter fragments of ZmCCT (-643 to -1 bp) and ZCN8 (-2,000 to -1 bp) were 2 1 8 amplified from B73 genomic DNA by PCR (Table S2 ). To clone into pGreenII (1,008bp) was amplified from B73 cDNA ( out for each analysis. In total, 53 CCT genes were identified in the maize genome (Table S3) , which 2 2 8
were not randomly distributed on maize 10 chromosomes ( Fig. S2 ). There were 11 2 2 9
CCT genes located on chromosome 5, while only 3 genes were situated on 2 3 0 chromosomes 3, 7 and 8 respectively. An unrooted polygenetic tree was constructed 2 3 1 based on the full length protein sequences of maize CCT genes ( Fig. 1A) . CCT genes GATA zinc finger domains. The 11 genes that only contained CCT domain were Sorghum bicolor and 37 in Brachypodium distachyon, Table S4 ) were collected. Only polygenetic analysis (Fig. S3) , and were clearly separated into four subfamilies on 2 4 5 this basis. COL-like genes were divided into three clans, which implies that their 2 4 6
origin was different and that they may have different functional features. This is 2 4 7 consistent with the suggestion that CCT genes were present and differentiated prior to
Combining bioinformatics analysis, QTL mapping, and candidate gene 3 0 0 association study (Fig. S5) , a strong candidate, ZmCOL3, the homolog of rice ZmCOL3 is located on chromosome 5 close to the QTL affecting DS and ASI. One According to the atlas of transcription during different maize development stages 3 0 9
(Sekhon et al., 2011), ZmCOL3 expressed higher in leaves, internodes, and embryo 3 1 0 ( Fig. S6) . The time-course expression pattern of ZmCOL3 in leaves indicated that it 3 1 1 reached highest levels at 3.5 hrs after sunrise and then fell quickly (Fig. 3A) . The was introduced into maize protoplasts. The GFP signal was detected in the nucleus 3 1 4 ( Fig. 3B) , which is consistent with a previous finding before that the CCT domain could be functional in nuclear localization of proteins (Robson et al., 2001) . We 3 1 6 generated transgenic plants overexpressing ZmCOL3, to further assess its function 3 1 7
( Fig. S7) . Four independent transgenic events were obtained. The transgenic lines and 3 1 8
normal materials contained identical transcripts, which confirmed the accuracy of 3 1 9 transformation (Fig. S8) . The expression level of ZmCOL3 in transgenic plants was 3 2 0 over 10 times higher than the controls (Fig. 3C, Fig. S9 ). The families from T1 to T3 3 2 1
were planted in JL, at long day conditions, and DHN, at short day conditions. The and higher internode number (by 1.5, P=9.3E-64) ( Fig. 3D, E , Table S8 ). However, 3 2 6
there was not a simple positive correlation between flowering time and yield traits. For instance, volume weight and kernel length increased in transgenic lines when the suggests that ZmCOL3 did not play a role in short day condition resulting in lack of 3 3 5 significant associations with flowering time in short day condition. However, 3 3 6
overexpressed ZmCOL3 could influence flowering time in short day conditions. These We attempted to silence ZmCOL3 transgenically. Its expression was inhibited, but not as much as expected (Fig. S10) . The hairpin sequence introduced for silencing transgenic lines would flower slightly earlier than controls (Table S8) . LD blocks (Fig. 4A) . Two significant associations (PSNP-660 and InDel-3296) were 3 5 3 detected affecting DS in BJ located in the two different LD blocks, which implied 3 5 4 more than one functional polymorphism existed within ZmCOL3 (Fig. 4A) .
4
In order to validate the genetic effects of InDel-3296 and InDel-551/217, tropical 3 7 6 line CML189, which is P-type for InDel-3296 and 217bp insertion for InDel-551/217 3 7 7
(P-217-type), was crossed with the temperate line Mo17, which is A-type for 3 7 8
InDel-3296 and 551bp insertion for InDel-551/217 (A-551-type), to generate a F 2 3 7 9
population. The allele of PSNP-660 was monomorphic between in Mo17 and 3 8 0 CML189. The F 2 population was grown in three environments, including one in long Table   3 8 5 S12). No significant difference was detected in short day conditions, confirming that 3 8 6
ZmCOL3 affects flowering time primarily in long day conditions. 38, 55.3%; Fig. 4E ), which was absent in temperate lines. All the temperate lines were 3 9 0
A-types. Two of the A-types (CCC and TTTTCCC) were absent in tropical lines. We infer that three haplotypes were originally present in tropical lines (CCCC, TCCC and 3 9 2 TTCCC) and that temperate lines retain two of them (TCCC and TTCCC) and the 3 9 3 other two types (CCC and TTTTCCC) arose and were selected as adaptation to the 3 9 4 long day conditions (Fig. 4E) . In order to identify the downstream regulatory genes of ZmCOL3, RNA-seq data and V6 in JL, were sequenced at the transcriptome level. High consistency was 4 0 0 observed between three replications and the transcription differences between V3 and 4 0 1 V6 stage were larger than between transgenic and control plants (Fig. 5A) . As a 4 0 2 transcriptional factor (TF), ZmCOL3 regulates the differential expression of thousands positively in transgenic lines. This was validated by qRT-PCR (Fig. 5D) al., 2012). It has been estimated that more than one thousand genes were involved in changes along its short evolutionary history (Liu et al., 2015) . Here, we showed that 4 7 9
CCT genes may be the key gene family to affect maize flowering time by regulating 4 8 0 the gene expressions and thus help maize rapidly adapt to different environments. It Table   S1 ). 
Figure legends

